CHAPTER 5. FALSEWORK STABI LI TY

5-1.d I ntroducti on

The term "stability" as it is used throughout this manua
nmeans resistance to overturning or collapse of the fal sework
system as a whole or that portion of the fal sework system
under consideration. Resistance to both overturning and
collapse is provided by the fal sework bracing system which
nmust be designed to withstand all forces resulting from
application of the horizontal design | oad.

Note that the term "fal sework bracing systenf as it is used in
the specifications includes bracing designed to resist over-
turning, bracing designed to resist collapse, and struts,

ties, anchor blocks and simlar features used to prevent the
overturning or collapse of any falsewrk conmponent. Regard-

| ess of function, however, all elenents of the fal sewirk
braci ng system nust be designed to resist all forces generated
by the horizontal design | oad.

It is inportant to recognize the distinction between "over-
turning" and "collapse" as these terns are used to describe
the failure nodes when fal sework is subjected to horizontal
forces. Overturning is used when the fal sework bracing
provides sufficient rigidity to the falsewrk systemas a
whole, or to the elenent of the system under consideration, so
that the system or elenent acts as a single, rigid unit. In
such cases the falsework will fail by overturning, or rotation
about its base. If, however, the bracing cannot prevent dis-
tortion of the falsework when it is subjected to horizontal
forces, the system will collapse internally rather than
overturn. The two failure nodes are shown schematically in
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COLLAPSING FAILURE

FIGURE 5-|
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As a point of interest, bracing whose primary purpose is to
prevent collapse is often referred to as "internal" bracing,
whereas bracing whose purpose is to prevent overturning is
called "external" bracing.

When investigating stability, keep in mnd that the specifi-
cations do not require the falsewrk to carry the horizontal
design load fromits point of application through all
nmenbers of the falsework system to the ground or other

poi nt of support. If the "falsework bracing system will
resi st the overturning and collapsing forces produced by the
hori zontal design |oad, the fal sework-design conplies wth
the intent of the specifications.*

Wien following the provisions and procedures in this manual,
stresses in fal sework nmenbers produced by the application of a
hori zontal force need not be conbined with stresses produced
by vertical forces except in unusual cases where conbining is
necessary to ensure stability. For exanple, pile bents
supporting falsework for structures over waterways often wll
be braced only above the waterline. In this type of design
the bracing nust be adequate to resist the horizontal design
|l oad in accordance with the general design criteria for

fal sework bracing systens, and the bent so braced will be
considered as being rigid to the bottom of the bracing. Bel ow
the bracing, individual falsework piles will be subject to

bendi ng; consequently, horizontal as well as vertical forces
must be considered and the resulting stresses conbined to
determ ne the actual stress.

Simlar situations in which bending should be considered in
the analysis will from time to tinme occur. The engineer
will be expected to recognize all such situations and to
conbi ne stresses whenever this procedure is necessary to
ensure the stability of the fal sework system as a whole.
(See Section 5-1.08, Conbining Stresses, for additional

i nformation.)

* The rationale for the specification concept is the belief
that a failure due to the action of horizontal forces will
occur as a consequence of the overturning or toppling of a
fal sework nenber, or the internal collapse of a braced
el ement of the system Failure is not expected to occur as
a consequence of one fal sework menber sliding across
another. This is not to say that such a sliding failure
could not occur under any conbination of forces however
uni que, but the possibility is so renbte it may be neglected

for falsework design.
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5-1.02 Internal Stability

Sonme fal sework systens have inherent stability by reason of
thenature of the materials used in their construction.

For exanple, tinber falsework bents have a degree of
internal resistance to collapse, particularly where |arge,
heavy posts are used. This "internal stability" is due to
restraint at the top and bottom of the post, which, in turn,
produces a resisting nonent.

Since the amount of internal resistance actually devel oped
under a given loading condition is a very intangible factor,

it Is Dvision of Structures policy to neglect the inherent
ability of a falsework frame to resist collapsing forces in
all cases where the height of the fal sework post exceeds three
times the post wi dth. Wen post height exceeds the limting
rati o, resistance to overturning and/or collapse nust

be provided by diagonal bracing, or by blocking, ties or

ot her neans approved by the engineer.

5-1.03 Diagonal Bracing

In conventional falsework systenms, the individual posts naking
up the falsework bent are stabilized against collapse by

di agonal cross-bracing. The diagonal braces are installed
across two or nore vertical posts and securely nailed or
bolted in place to nake a single, rigid unit capable of
resisting the collapsing forces produced by horizontal | oads.

Because of the indeterm nate nature of a diagonally-braced
fal sework bent, investigation of bracing adequacy using
conventional nethods of analysis is a difficult and tine-
consumi ng process. Furthernore, rigorous studies of the
behavi or of braced fal sework bents have revealed that the
actual |oad inposed on the conpression nenbers, under certain
| oadi ng conditions, nmay be as nmuch as two tines greater than
woul d be indicated by a conventional analysis

As a horizontal load is applied to a diagonally-braced tinber
frane, the tension and conpression nenbers will each con-
tribute to the resisting capacity until the design capacity
of the conpression nenbers is reached. As additional load is
applied, the overstressed conpression nenbers may yield or
buckl e, and therefore they may be incapable (theoretically)

of contributing to the ultimate strength of the franme. In
view of this reality and to ensure the conpatibility of
results obtained by our procedure with results obtained by a
rigorous frame analysis, it is Division of Structures policy
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to limt the contribution of the conpression nenbers, and the
conpressi on nenber connections, to one-half of their
theoretical contribution when calculating the resisting
capacity of the bracing system

In consideration of the foregoing, the Division of Structures
has devel oped a review procedure which sinplifies the analysis
and at the sanme tine mnimzes the risk of detrinmental over-
stressing of the conpression nenbers. This sinplified pro-
cedure, called the "resisting-capacity" nethod of analysis,
assunes that the collapsing force produced by the horizontal
design. load will be resisted by the sum of the horizontal
conmponents of the allowable |oad-carrying capacities of the
di agonals. To ensure stability, the sum of the horizontal
conmponents (i.e., the "resisting capacity" of the diagonal
braces) mnust be nunerically equal to or larger than the
col l apsing force.

When conpression nenbers have internediate fasteners to reduce
the unsupported length for design, D vision policy requires
the fasteners to be capable of resisting a force equal to five
percent of the theoretical design capacity of the nenber, but
not less than 250 pounds, applied at right angles to the

menber .

To ensure uniformty, Division of Structures policy requires
t he adequacy of diagonal bracing to be checked by the
"resisting-capacity"” nmethod. The procedure depends on the
nunber of vertical stories, or tiers, of bracing used in the
bent, as discussed in the followng tw sections.

5-1.03A Analysis of Single-Tier Franed Bents

For single-tier bracing, the resisting capacity of the
di agonal bracing system is calculated as follows, regardless
of the type of fastener (nails, bolts or lag screws) used In

the connecti on:

1. Determine the strength of the connection between brace
and post. The strength value will be the sanme for
both tension and conpression nenbers. (For this
calculation, follow the procedure in Section 4-3, Tinber
Fasteners, for the type of fastener used.)

2. Determ ne the strength of the diagonal braces in
t ensi on.

3. Conpare the two strength values. The smaller of these
two values is the strength of the tension nenbers.
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4, Cal cul ate the horizontal conponent of the strength val ue
found in step 3. The horizontal conponent is the
resisting capacity of the tension nenbers.

5. Determ ne the strength of the diagonal braces in
conpression, as limted by the L/d ratio.

6. Conpare the strength of the connection (cal cul ated
in step 1) and the strength of the braces in com
pression. The smaller of these two values is the
theoretical strength of the conpression nenbers. One-
half of the theoretical strength is the allowable
strength of the conpression nenbers.

7. Cal cul ate the horizontal conmponent of the allowable
strength (step 6) to obtain the resisting capacity of
t he conpressi on nenbers.

8. Add the resisting capacity of all tension nmenbers and
all conpression nmenbers to obtain the total resisting
capacity of the diagonal bracing system

To check bracing adequacy, conpare the total resisting
capacity of the diagonal bracing system determ ned as

provi ded above, and the collapsing force applied to the
fal sework bent.

For the conparison, the collapsing force is assunmed as nuner-
ically equal to the horizontal design |load acting on the bent.
The collapsing force is further assuned as acting in the sane
pl ane as the horizontal forces nmaking up the resisting
capacity of the bracing system but in the opposite direction.
The resisting capacity of the bracing system nust equal or
exceed the collapsing force applied 1n either direction; other-

wi se the bracing IS not adequate.

The "resisting-capacity" method of analysis is illustrated in
exanpl e problens in the appendi x.

5-1.03B Analysis of Milti-Tiered Frane Bents

Wien the diagonal bracing systemconsists of nore than a
single tier, the collapsing resistance of the frane may be
limted by the resisting capacity of any individual tier of
bracing wthin the frame. Consequently, the resisting
capacity of the bracing in each tier nmust be eval uated

i ndependently of the other tiers to ensure that each

i ndependent | y-braced elenment of the bent (i.e., each tier) can
wi thstand the collapsing force applied to that el enent.
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The resisting-capacity concept as a neans of checking the
adequacy of diagonal bracing has been verified by subjective
anal ysis of mathematical nodels of typical and atypical false-
work configurations. These analytical studies reveal that a
hori zontal brace between the tiers in a multi-tiered frane nakes
only a marginal contribution to the total resisting strength of
the frane, and under sone |oading conditions may actually
decrease (although only slightly) the effectiveness of the
conpression nenbers as conpared to simlar franes in which no
hori zontal braces are used. Since horizontal braces appear to be
redundant menbers of the system their effect on franme capacity
may be negl ected when checking diagonal bracing by the resisting-
capacity method in all cases where the diagonals are capable of
resisting conpression. (Note, however, that a horizontal brace
will be required between tiers in a nulti-tiered frane in those
cases where the diagonal braces can carry tension forces only.)

— czf_z—--]- ———.—E—zr— -

FIGURE 5-2

To understand the analysis, consider the diagonally-braced

fal sework bents shown schematically in Figure 5-2. Evaluating
t he adequacy of the bracing in Bent A where the bracing
system is the same in each tier, is sinplified by synmetry.
The procedure is as follows:

1. Calculate the resisting capacity of the diagonal
bracing in either tier. (The values are the sane for
both tiers.) Follow the procedure discussed in
Section 5-1.33A, Analysis of Single-Tier Franed Bents.

2. Conpare the total resisting capacity calculated in

step 1 and the collapsing force produced by the
hori zontal design load. If the resisting capacity
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equal s or exceeds the collapsing force, the bracing in
that tier is adequate, and therefore the bent bracing
system is adequate as well.

The procedure for evaluating bracing adequacy when the bracing
systemis the sane in each tier, as described herein for a two-
tiered bent, will also apply to bents with three, or nore,
identical tiers of bracing.

Wen the tiers are of different heights or are otherw se dis-
simlar, the collapsing resistance provided by the bracing in
nme tier may not be the same as the collapsing resistance
provided by bracing in other tiers. As previously noted, the
resisting capacity of the bracing in each tier mnust be

eval uated independently of the bracing in the other tiers.

Fal sework Bent B in Figure 5-2 shows a-frame with unequal tier

hei ghts. The resisting capacity of the frane is determ ned
as follows:

1. Calculate the resisting capacity of the bracing in
Tier 2, followi ng the procedure in Section 5-1.03A,
Anal ysis of Single-Tier Framed Bents

2. Conpare resisting capacity and collapsing force. For
this conparison, the collapsing force (i.e., the
hori zontal design load) is assuned as acting in a
pl ane through the upper connections in the Tier 2
bracing, as shown in Figure 5-2. The resisting
capacity of the bracing in Tier 2 nust equal or
exceed the collapsing force.

3. Repeat steps 1 and 2 for Tier 1.

If the resisting capacity of the diagonal bracing in each tier
will withstand the collapsing force applied to that tier, the

di agonal bracing system is adequate. I|f, however, the resist-
ing capacity of either tier 1S less than the collapsing force,
the bracing systemis not adequate; hence the falsework design
nay not be approved. (Note that excess resisting capacity in

one tier may not be used to conpensate for a deficiency in the
capacity of any other tier.)

If the tiers of diagonal bracing are closely-spaced verti -
cally, as is the case in Bents A and B in Figure 5-2, the
effect of bending in the posts between the connections IS
smal |l and may be neglected when investigating post capacity.
If the tiers are separated, however, as are the tiers in
Bent C, then bending may be an inportant factor.
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To ensure uniformty, the effect of bending on post capacity
will be investigated in accordance with the follow ng
policy:

L, If neither the vertical distance between tiers of

bracing nor the unbraced post |ength extending above
or below the tiers exceeds four tines the post w dth,
bendi ng may be negl ect ed.

2. If either the vertical distance between tiers of
bracing or the unbraced post |ength extending above
or below the tiers is greater than four tinmes the
post width, bending in the post including secondary
effects due to horizontal deflection (i.e., the PA
effect) must be considered. The analysis should
follow the procedure for evaluating the adequacy of
tinmber pile bents (see Chapter 7) except that the
posts wll be considered as pinned at both the top
and bottom

External cable bracing-will not prevent horizontal deflection
at the top of a multi-tiered frane, even though the cable
system is properly designed to resist overturning. Therefore,
cabl es designed to prevent overturning nmay not be used to
reduce the horizontal design |oad when investigating nenber
adequacy under conbined vertical and horizontal forces.

Wien bending is a factor for investigation, as discussed in
subparagraph (2) above, the contractor's design calcul ations
must consider the effect of horizontal deflection on nenber
stresses, including the pAeffect.

5-1.03C Steel Bracing

The resisting-capacity nmethod of analysis, as discussed in the
preceding sections, is also applicable when steel bracing is
used with either steel or tinber posts.

When bolted connections are used, the bolt values may be. taken
from the A SC Manual of Steel Construction. The cal cul ated
bearing stress on the projected area of the bolt may not
exceed 1.5 Fu where Fu is the specified mninum tensile
strength of the steel. For A36 grade steel, Fu is 58 Kksi

The strength of wel ded connections may be approxi mated by
assunm ng a value of 1000 pounds per inch for each 1/8-inch
of fillet weld. While this value may appear conservative for
per manent work where welding is perforned under controlled
conditions, it is a realistic value for the techniques and
procedures commonly used when welding falsework conponents.
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If a higher weld value is required by the design, welding
procedures nust conform to the quality standards normally
associated with permanent construction. See Section 9-1.05,

field Wl ding.

Structural steel elenents (angles, channels, bars, etc.) are
used occasionally as diagonal cross-bracing in tinber bents.
In such cases the NDS bolt design values for parallel-to-
grain loading may be increased 75 percent, as provided in NDS
Paragraph 8.5.6.3. No increase is allowed for perpendicular-
to-grain |oading, however

5-1.04 Longi t udi nal Stability

To ensure longitudinal stability, it is necessary to provide
a system of restraint that will prevent the fal sework bents
from overturning when the horizontal design load is applied
in the longitudinal direction. This can be acconplished by
di agonal bracing between pairs of adjacent bents, or by
transferring the horizontal |oad from one fal sework span to
the next fal sework span ahead w thout allow ng any horizonta
force to reach the bent between the two spans.

Consider, for exanple, the falsewrk system shown schenat-
ically in Figure 5-3. Longitudinal forces generated by the
hori zontal design load are carried in either direction across
unbraced bents D and E to the point of |ongitudinal restraint
at bents C and F. The falsework system is stabilized by

di agonal | y-braced bents B-C and F-G, which are each designed
to resist one-half of the total horizontal |oad acting on the

system
T X
A H

B C D - E

FIGURE 5-3

The adequacy of |ongitudinal cross-bracing used to stabilize
adj acent bents will be determined in accordance with the
procedure discussed in Section 5-1.03, Diagonal Bracing.
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The nethod by which the horizontal design load is carried
across an unbraced bent should be carefully scrutinized to
ensure that horizontal forces cannot reach the bent under any
| oading condition. Many designs wll take advantage of
frictional resistance between stringer and cap to transfer at

| east a part of the total longitudinal force acting at the
bent. Wen investigating the load transfer capability of such
designs with the falsework in an unloaded condition, keep in

mnd that friction will not be developed until a vertical |oad
is applied, Therefore, in the unloaded condition do not allow
nore frictional resistance than will be devel oped by the dead

| oad of the falsework nenbers plus an allowance for the weight
of forms and reinforcing steel

If frictional resistance alone is not sufficient to wthstand
the horizontal design |load, sonme positive neans of restraint
must be provided to carry that portion of the total load in
excess of the maximum allowable frictional resistance. The
term "positive neans of restraint” includes blocking, bracing
dowel s, clips, cables and simlar nechanical connecting
devices which are capable of transferring horizontal

forces in the absence of a vertical l|oad, but it does not
include "C' clanps when such devices are proposed for use as a
nmeans of increasing the friction between stringer and cap or
ot her adjacent falsewrk nenbers.

Devi ces used to transfer horizontal forces across an unbraced
bent nust be spaced far enough apart transversely so as to
prevent eccentric loading on the restraining nenber. In
general, this will require at |least tw points of nechanica
transfer for each independent elenment of the fal sework

system One-point transfer may be acceptable under unusual
circunstances such as a case where the force to be transferred
is small when conpared to the total horizontal |oad, or where
each independent elenent is relatively narrow. This is a
matter of engineering judgnent. In case of doubt, two points
of load transfer should be required.

5-1.05 Overturning

If the falsework system or the elenment of the system under
consideration, is adequately braced to prevent collapse, the
system or elenment nmay nevertheless fail by overturning, or
rotation about its base, when the horizontal design load is
applied. Overturning failure wll occur unless the falsework
is inherently stable against overturning by reason of its
configuration, or is externally braced to prevent overturning.

If stability analysis, it is assuned that the horizontal
design | oad produces a nonent that acts to overturn the false-
work system or elenment of the system under consideration. For
descriptive purposes, this nonent is called the "overturning"
noment .
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When cal cul ating overturning nonents, the nonment arm will be
nmeasured from a plane at the top of the fal sework nenber that
is set on the ground, and the horizonal design load will be

applied to the falsework in accordance with the follow ng:

Actual |oads (such as those due to construction equi pnent
or to the concrete placing sequence) wll be considered
as acting at the point of application to the fal sework.

Wnd loads will be considered as acting at the centroid
of the wind inpact area for each height zone. Wen w nd
| oads govern the design, however, the horizontal design
load (to be used in calculating the overturning nonent)
is applied in a plane at the top of the fal sework post or
shoring. See Section 3-1.05, Wnd Loads

Al'l other horizontal |oads, including the mninmm | oad
when the mninmum | oad governs, wll be assuned as acting
in a plane at the top of the fal sework posts or shoring.

When cal cul ating the nonent acting on other elenents of the
fal sework where stability is a factor for consideration, such

as a pony bent system the noment arm will be measured from
the base of that particular fal sework elenent. Actual | oads
and wind loads will be applied in accordance with the criteria

in the preceding paragraphs. Al other horizontal |oads wll
be assunmed as acting in a plane at the top of the elenment of
the fal sework system under consideration

5-1.05A Calculation of Resisting Mnents

Wien a horizontal load is applied to a falsework frame or
tower, the overturning nonent thus produced will be resisted
up to a point by a resisting or righting nonment generated by

t he mei?ht of the falsework and the total supported dead

load. If the resisting nonent is greater than the overturning
nonent, the falsework is stable against overturning and no
external bracing will be required. If the resisting nonent is
| ess than the overturning nonment, the difference nust be
resisted by bracing, cable guys or other neans of externa

support .*

* For falsework analysis it is not necessary to provide a
factor of safety against overturning. In accordance wth
Division of Structures policy, if. a falsework frane or tower
is theoretically stable (no uplift in any post or tower
| eg) external bracing is not required.
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When cal culating resisting nonents for falsework in the

"unl oaded” condition, the total supported dead |oad wll
include the weight of falsewrk beans, forns and reinforcing
steel, but not concrete. In the "loaded" condition, the
wei ght of the concrete actually in place will be included as

wel | .

To facilitate analysis, the weight of forns and reinforcing
steel in pounds per square foot of bridge soffit may be
estimated. Use a factor of 1.5d for prestressed structures

and 2.33d for conventionally reinforced structures, where "d"
is the superstructure depth in feet.

5-1.05B Effect of Overturning on Post Loads

When external bracing is not required to resist overturning,
do not overlook the effect of the overturning nonment on post
| oads when the falsework is fully |oaded, Consider the bent

in Figure 5-4.

In the |oaded condition the theoretical post |oad (dead |oad
plus live load) of 50 kips will be increased or decreased by
the post reaction created by the overturning nonent, or the
vertical conmponent of the resisting couple acting through the
post. In the bent shown, the reaction is 4 kips and the post

design load is 54 kips.

9 5t 50 ¥ 50K
10° . 10"
2% 2x _
S S
-J 3
4K I 4R r 4K 1 4(
UNLOADED LOADED
FIGURE 5-4
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In a stable bent with more than two falsework posts, the post reactions are
proportional to their distances from the center of rotation, and may be obtained by
algebraic summation.

5-1.06 Pony Bent Systems

The stability of pony bent systems should be given special consideration. Pony bents
should be independently braced, and the bracing must be capable of resisting the
overturning moment produced by the horizontal design load acting at the top of the
pony bent.

Pony bents are usually erected on and supported by a platform constructed at the
top of the primary load-carrying members.

The platform functions as a horizontal diaphragm, and thus stabilizes the entire
falsework system.

If a stabilizing platform is not incorporated into the falsework design, the individual

bents must be braced or tied together in some manner to prevent lateral
displacement at the bottom of the pony bent system.

5-1.07 Multiple & Built up Cap Systems

Multiple cap systems are inherently less stable than single cap systems. Similarly,
cap systems that are poorly constructed by utilizing an excessive amount of built-up
material between the supporting foundation and cap beam are more vulnerable to
stability problems.

When investigating the stability of a multiple cap system, it is important to
remember that the stability of the system will decrease as the distance between the
supporting members and the top of the cap/sill beam increases. Cap and sill beam
assemblies (as defined below) should adhere to a maximum height to width ratio of
2:1 unless the falsework designer determines that a more conservative approach is
needed. In addition, multiple layers of supporting material must be equal or greater
in width than the previous layer, hence forcing a pyramid shape. These
requirements are illustrated in the following Figures 5-5,5-6 and 5-7.

The following cap/sill beam definitions shall be used for purposes of checking the 2:1
ratio.

In the overturning direction perpendicular to the centerline of the
falsework bent, a sill beam assembly shall include all material from the top

5-13 Revi sed 07/01



CALI FORNI A FALSEWORK MANUAL

flange of the sill beam to the top of the pad (See Figures 5-5 and 5-6). A cap
beam assembly shall include all the material from the top flange of the cap
beam to the top of the post.

In the overturning direction parallel to the centerline of the falsework
bent, a sill beam assembly shall include all material from the bottom flange
of the sill beam to the top of the pad (See Figure 5-7). A cap beam assembly
shall include all the material from the bottom flange of the cap beam to the
top of the supporting member (e.g. post).

The 2:1 height to width criteria shall be strictly enforced during both falsework plan
review and construction phases. Often multiple capping or excessive stacking of
material is done to correct grade errors discovered during falsework construction.
This is an unacceptable construction practice and shall not be allowed.

On occasion a situation may arise where the falsework designer chooses to engineer
a cap/sill assembly that does not meet the 2:1 height to width criteria. In general
cap/sill assemblies that do not meet the 2:1 ratio should be strongly discouraged and
alternatives should be explored. However, the 2:1 criteria may be exceeded if the
falsework cap/sill assembly is externally stabilized. The external stabilizing
support system must be designed to withstand the greater of the horizontal wind or
construction load or a minimum 2% of the falsework dead load force (similar to the
longitudinal stability analysis) applied to the top of the upper most cap/sill beam.

In addition, the stabilizing support system must be designed to accommodate both
grading adjustments and bent settlement without inducing additional horizontal

loads into the cap system.
2 w, = by |
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Stahility Requirement (Overturning direction perpendicular to the falsework bent)
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Stability Requirement (Overturning direction perpendicular to the falsework bent)

h<2w, (W =Wy 2D) Figure 5-6
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more than 2 supports)
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Stability Requirement (Overturning direction parallel to the falsework bent)

Figure 5-7
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5 —1.08 Combining Stresses

As noted elsewhere in this manual, stresses produced by the simultaneous
application of horizontal and vertical forces need be combined only in those
situations where bending must be considered to prevent overstressing of an axially-
loaded member of the falsework system. Examples of such situations will include
pile bents over water where the bracing extends only to the water surface and
multi-tiered frame bents where the bracing system, although adequate to resist the
collapsing force, does not fully support the vertical members in the bent and/or
cannot prevent side sway.

The ability of a falsework member to resist the combined effect of bending and axial
compression is evaluated by the combined stress expression. The combined stress
expression, or interaction formula as it is sometimes called, establishes a limiting
relationship between bending and compressive stresses such that the sum of the
actual/allowable ratios of the two stresses may not exceed 1. In formula form the
combined stress expression is:

fb/Fb +fc/Fc El

Where f, and fc are the calculated bending and compressive stresses, respectively,
and Fpand F. are the allowable values for bending and axial compression as listed
in the specifications.

The combined stress expression may be used to determine the adequacy of
falsework members to resist bending and axial compression in all cases except
driven timber piles. Timber piles should be evaluated in accordance with the
procedures discussed in Chapter 7.
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